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Corn planting date: Understanding plant growth and 
yield response
Lori J. Abendroth, agronomy specialist, Agronomy, Iowa State University; Anthony J.W. 
Myers, undergraduate research assistant, Agronomy, Iowa State University; Roger W. 
Elmore, professor, Agronomy, Iowa State University
Objectives
Research was conducted to equip Iowa producers with more accurate corn planting date information based on their 
specific location. Objectives for this research project addressed during the presentation include:
1.  What are the optimum planting windows for maximum yield?
2. How do new recommendations (2006-2009 data) compare to previous ISU recommendations (1998-2000 
data)?
3. What are the risks associated with planting outside the optimum window?
4. How is plant growth and development impacted by varying planting dates? 
5. Are grain yield differences correlated with differences in growth and development?
Literature review
Nationwide, corn producers plant corn earlier than ever before due to larger equipment, increased stress tolerant 
hybrids, improved seed treatments, and reduced tillage systems. As producers farm more acreage, they must 
start earlier to have the majority of their acreage planted during the optimum planting window for their region. 
The United States Department of Agriculture - National Agricultural Statistics Survey (USDA-NASS) collects and 
reports planting progress per state. Iowa producers have begun planting corn 0.5 days earlier every year since 1979 
(Kucharik, 2006). Yet, Iowa producers have 75% of their acreage planted only 0.3 days/year sooner than in 1979 
(Kucharik, 2006); this reiterates the point that producers start earlier but have a large amount of acreage to plant 
(See Figure 1 for Iowa trends). By comparing 50% planting progress, producers now plant corn approximately 2 
weeks earlier than during 1975-1979. 
Physiological response
Changes in planting date inherently change the length of the growing season available to the corn crop. As such, 
the length of time in the vegetative and reproductive stages varies relative to when it was planted. Rate of growth 
and development generally proceed faster with later planted corn than earlier due to higher temperatures. Quicker 
emergence, increased early-season plant heights, and final plant height occur with later planted corn. Although plant 
height is increased, leaf area index (LAI) is reduced. Leaf area index is defined as the leaf area per unit area of ground 
allocated to that plant. Therefore, earlier planted corn has greater leaf area but less space between the leaves on the 
plant (shorter internodes). 
Associated risks 
Past recommendations for the start of corn planting were generally related to the time when the soil temperature 
reached 50° F (10° C) or greater. Corn seed will absorb approximately 30% of its weight in water with 
temperature having little affect. Therefore, in cold soil conditions (below 50° F) seeds will readily absorb water 
but not initiate root or shoot growth; this can increase susceptibility to pathogens. Corn planted early into 
cold soils will have increased variability in the number of days required for emergence as well as a reduction 
in final stand relative to later planted corn (Abendroth and Elmore, 2007). The seedbed condition needs to fall 
within three parameters for emergence to occur at acceptable levels: temperature (above 55° F), moisture (at 
or above field capacity), and good seed to soil contact. Corn seedlings tolerate adverse weather (i.e. freezing 
temperatures) better than soybean, since the growing point remains below-ground until the sixth leaf stage (V6). 
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Figure 1. Iowa corn planting progress, 1975-2009; based on USDA-NASS data.
Previous recommendations
Three years of planting date research (1998-2000) at Lewis, Ames, and Nashua are summarized in the ISU Corn 
Planting Guide (Farnham, 2001). Planting between 20 April and 5 May resulted in 100 percent yield potential, 
although a 99 percent yield potential could still be achieved with a planting date up to 19 May. Data was pooled 
across sites and years for this analysis which masks regional differences that likely occur across the state. 
In general, research has shown a small yield loss with very early planting dates and larger yield losses with 
significantly delayed planting dates. Planting ten days before the optimum window is generally a much safer practice 
than planting ten days after the window. 
Materials and methods – Iowa 2006 to 2009
All locations: Grain yield, grain moisture, and kernel weight
Multi-year (2006, 2007, and 2009) and multi-location (seven Iowa State University research and demonstration 
farms (ISU R&D)) field research was conducted for a total of 21 site-years; see Figure 2. Similar research was 
conducted in 2008 but due to flooding and cool temperatures (Elmore and Abendroth, 2008) data has been 
withheld from this discussion so that recommendations are not made from data associated with growing conditions 
atypical to Iowa. 
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Figure 2. Iowa map designating Research and Demonstration (R&D) farm locations: Sutherland (NW R&D), Kanawha 
(N R&D), Nashua (NE R&D), Ames (Ag. Eng. & Agronomy Research Farm), Lewis (Armstrong R&D), Chariton (McNay 
R&D), and Crawfordsville (SE R&D). Leaf area index (LAI) was measured in 2007 and 2009 at: NE R&D, Ag Eng. 
and Agronomy Research Farm, and Armstrong R&D. Internode spacing was measured at: Ag Eng. and Agronomy 
Research Farm (2007 and 2009), NE R&D (2009), and Armstrong R&D (2009). 
Five planting dates were arranged in a randomized complete block design (RCBD) with 3-4 replications at each 
site-year. Not all locations however had five planting dates as noted in Table 1. Planting dates are referred to in Table 
1 by calendar date and day of year (i.e. 1 Jan = day 1). Target planting dates were between 1 April and 1 June in 15 
day increments with adjustments made for weather. Iowa State University farm superintendents planted as early as 
possible and then adjusted the intervals between remaining planting dates so that the final date would be about 1 
June. 
Weather data was collected per site-year from Iowa Environmental Mesonet stations located within 1 mile of each 
trial. Planting dates were converted to cumulative thermal time (TT) per site-year with 1 April as the beginning 
date for accumulation. Air growing degree days (GDD
air
) and soil growing degree days (GDD
soil
) were calculated by: 
GDD
air
 or 
soil
 = ((minimum daily temperature + maximum daily temperature)/2) – 50; with the parameters as 50° F 
and 86° F. Daily GDD values were then totaled to derive total GDD for each respective time frame. Soil GDD was 
taken at 4 inches below the bare soil surface.  
Individual plot dimensions varied yet the majority of sites were 20 feet (8 rows wide) by 50 feet plots. Rows were on 
30” spacing and the previous crop was soybean. Hybrids varied across sites although most hybrids contained three 
resistant traits (i.e. triple stack hybrids). Fertilizer applied and integrated pest management practices were employed 
throughout the season in accordance with University recommendations. Seeding rates varied from 30,000 to 36,000 
seeds per acre (spa) based on location and local farming practices. Final plant populations (ppa) were taken and 
plots at 25% above or below the median population were discarded from the analysis. Grain yield was collected 
from each plots center rows and adjusted to 15.0% moisture basis. Grain samples were collected at harvest for 
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kernel weight measurements and oven dried at 140° F (60° C) until moisture reached equilibrium. At that time, 200 
seeds were weighed for kernel weights. 
Intensive locations: Physiological data
The impact of planting date on corn growth and development was evaluated through an analyses of plant height, 
leaf area index (LAI), and internode spacing at selected locations.    
Final plant height (to uppermost node) was collected after the plant reached VT (tassel) from 10 consecutive plants 
in the center rows. Data was collected at 5 locations in 2006, 3 locations in 2007, and 1 location in 2009, for a total 
of 9 site-years.  
Plants used for LAI or internode spacing measurements were tagged early to aid in proper identification of leaf 
numbers later in the season. Based on plot length and the existing plant population, twenty plants were marked 
from non-yield rows systematically. When plants were approximately V5, the fifth leaf was marked with white paint. 
Prior to senescence of the fifth leaf, the tenth leaf of each previously marked plant was tagged with orange ribbon. 
Once a planting date was at or beyond VT (thereby at maximum growth), the marked plants were sampled for LAI 
and internode spacing. 
Six site-years (see Table 1) of LAI were collected during the 2007 (3 sites) and 2009 (3 sites) seasons. Three 
intensive sites (Nashua, Ames, and Lewis) were selected each year to represent the various soil and weather 
conditions throughout the state. Leaf area measurements used in calculating LAI can either include all leaves, 
even those senesced, to derive LAI
total
 or include only green leaf tissue (LAI
green
). Our methodology was similar to 
LAI
green
 except that leaf 10 (i.e. the leaf attached to the tenth node) was always the first leaf collected even if lower 
leaves were still green to provide consistency across planting dates. Leaf 10 to the uppermost leaf (flag leaf) from 
ten individual plants was collected and refrigerated. Within 3 days, leaves were trimmed at the leaf collar, passed 
through a Li-Cor LI-3100 (1.0 mm2 resolution) leaf area meter, and total leaves per plantcounted. Leaf area index  
was then calculated as: LAI = Leaf area (cm2)/Land area per plant (cm2).  
Four site-years (see Table 1) of internode spacing data were collected during the 2007 (1 site) and 2009 (3 sites) 
seasons. Ten plants were dug so that internode length could be measured in the stalk tissue belowground. Plants 
were split lengthwise from the base of the stalk (i.e. crown) to the uppermost node of the plant and the distance 
between each node was measured in mm.
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Results and discussion
At the time of writing this proceeding, the collection and analysis of 2009 data was not completed. Data will not be 
analyzed by year; instead all site-years will be analyzed collectively to develop recommendations for Iowa. Please use 
Figures 3 and 4 to chart the responses shown during the presentation. 
          
          
          
          
          
          
          
          
          
          
Figure 3. 
          
          
          
          
          
          
          
          
          
          
Figure 4.
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